Abstract: NADIA, acronym of Noise Abatement Demonstrative and Innovative Actions and information to the public, was a European Project funded as part of the announcement Life+ 2009 between October 2010 and June 2014. Five Italian partners were involved in the project: two provinces, (Genova, the coordinating beneficiary, and Savona), two municipalities (Vicenza and Prato), and a technical coordinator (CIRIAF/University of Perugia). All the public bodies were obliged to perform the actions required by the Environmental Noise Directive, i.e., noise mappings of major roads for the provinces and of the agglomerations for the municipalities and the consequent noise action plans. The four public bodies, with the support of the research centre, decided to go beyond the mandatory requirements of END in order to achieve the following main objectives: (i) to improve the methodologies for the realization of noise mappings and action plans, with a particular focus on road traffic noise; (ii) to increase the awareness of citizens and of potential stakeholders by focused communication and dissemination activities; (iii) to assess the technical and economic feasibility of best practices in tackling road traffic noise. The paper reports a summary of the activities performed by the partners during the project.
Introduction
The European Commission defined in the 2002 the Environmental Noise Directive (END) to verify, manage and tackle issues due to noise [1] . The European Environmental Agency (EAA) estimated in 2013 that about 65% of European citizens are affected by noise levels higher than the ones identified as dangerous for health [2] . A 2014 EEA report estimates that environmental noise is responsible for more than 900,000 cases of hypertension and 43,000 hospital admissions in Europe each year. These values were obtained considering the outcomes of noise mappings required by the END. However this appraisal cannot be precise since only 44% of data required by the END have been collected so far in the first round of noise mapping [3] .
Furthermore, one of the biggest problems arisen from the first round of noise mapping was the difficulty in comparing the results obtained by the different Member States. As stated by Licitra [4] , comparability was not fulfilled because of two main issues, i.e. different methods applied and different local scenarios. Following the poor results of the first round, the European Commission decided to launch a common method for noise mapping, whose contents were based on the outcomes of the project CNOSSOS-EU (Common Noise Assessment Methods in Europe) [5] : the Directive 2015/996 [6] . It contains all the algorithms and procedures to be applied during noise mapping, replacing the contents of Annex II in the END, and will be mandatory for the next round of noise mapping in December 2018.
However, the results of all noise mapping studies performed under the obligations of the END clearly show that road traffic is the noise source that affects European citizens the most [3] .
While EU guidelines exist [7] and a common method is now available for the realization of noise maps, the same cannot be said for noise action plans. As far as noise action plans, i.e. the most important instruments for local authorities and responsible private bodies to tackle noise is- sues due to their managed sources a common guideline for their realization has neither been realized nor discussed yet. This situation led to a number of different methods for their realization, based on different indicators and algorithms: the comparative analysis is reported in a previous work of the authors [8] .
Another fundamental problem is given by the overlapping of laws related to environmental noise at regional, national and European level. In many cases, for instance in Italy, the requirements of the END has not substituted or implemented the national normative, which sometimes is in conflict with the European one. These different law levels have led to confusion and thus to a waste of time and money, since the manager authority of a noise source may have to prepare two different documents, one for the European and one for the national duties, having the same goal but realized using different methodologies and indicators. An important step towards the harmonization of noise laws was performed by another Life project called HUSH (Harmonization of Urban noise reduction Strategies for Homogeneous action plans [9] ), whose goal was to analyse European, national and regional laws, with a special focus on the Italian scenario, and to contribute to the solution of normative contradictions.
Activities performed within the Life+ 2009 NADIA project, code ENV/IT/000102 [10] , constituted another step forward in the direction of a more standardized European approach to manage and limit road noise issues. Taking into account existing guidelines ( [7, 11] and [12] ) and best practices ( [9, 13] and [14] ), the NADIA project defined standardized procedures for all the phases required for the realization of a noise action plan, starting from the collection of data required for noise mapping to the selection of noise reduction actions. All the outcomes were shared with other partner projects (HUSH [9] , QUADMAP [15, 16] ) and widely disseminated to several types of audience; pupils' needs and expectations were particularly taken into account through specific educational events. NADIA was an Italian Life project. The partners were the Province of Genova (now Metropolitan City of Genova, coordinating beneficiary), Province of Savona, the Municipalities of Prato and Vicenza and CIRIAF, an interuniversity center located in Perugia. CIRIAF was the scientific coordinator of the project, who defined the technical procedures tested for the roads selected by the other partners.
The activities of the project were focused on five roads (total length about 95 km) managed by the Province of Genova, three roads (total length about 94 km) managed by the Province of Savona and parts of the agglomerations of Vicenza (surface about 29 km 2 ) and Prato (surface about 39 km 2 ). Table 1 reports the organization of the project. Data collected in the survey activities were used to perform noise mapping activities and to define noise action plans. Plans were defined considering the outcomes of noise maps and the results of surveys and participative actions aimed at identifying areas where demonstrative noise reduction measures were more desired or urgent. Each partner (CIRIAF excluded) implemented at least two noise actions in its territory (low-noise asphalts, noise barriers, high insulating windows, etc.) in order to combine the reduction of noise exposure and the increase of the awareness of the citizens.
Dissemination activities were performed at each stage of the project, considering different kinds of target audience. The following chapters report the most important outcomes of each action; particular attention is given to innovative aspects. All the deliverables (in Italian or English) are available for download on the project website [10] , which will be on-line at least for five years after the end of the project.
Survey activities
Action 2 "Surveys" was a preparatory activity aimed at defining the starting point of the project. Data collected in this stage were used in all the following actions of the project. Moreover this action allowed to define data that were missing and to collect them with new measurements or surveys.
In particular, Action 2 consisted of the following activities:
1. Collection of data and reports related to the noise levels generated by roads included in the project areas (Sound Pressure Level and traffic measurements performed in the last three years), population density, meteorological conditions and characteristics of ground. CIRIAF developed two guidelines for data collection and management: the first one, included in the project document Milestone 1 "Data quality and quantity with regard to models specifications", for helping the other partners in founding and collecting all the data requested for noise mapping; the second guideline, included in the project document Deliverable 2 "Noise propagation model optimized and validated" specify how to organize and transmit the collected data; 2. Collection of data of subjective satisfaction with the acoustic environment in some selected positions in the project areas before and after the realization of a noise reduction action; 3. Realization of additional noise measurement campaigns for noise mapping activities (if input data were scarce or missing). According to the Italian regulation, measurement campaigns lasted one week and were realized in selected locations in order to calibrate the noise propagation model; 4. Update of the state of the art of road noise reduction systems, with a special focus on sustainable solutions applied to schools (landscape compatibility, recycled materials, etc.).
The analysis of different innovative solutions for the integration of noise barriers and primary school and kindergarten outdoor areas was reported in the first deliverable "Survey report" (D1). For instance, a noise barrier for schools can be analyzed and designed by studying particular shapes, textures and colours. Moreover, the interior side of the barrier can be used as a surface available to the entertainment of the children during school breaks, for instance for writing and painting. D1 also contains the results of all the traffic and SPL measurements used in the project. The following sections summarize the procedures used for the collection of data necessary for noise modelling activities and for the assessment of subjective evaluations. 
Data for noise modelling
The selection and quality of data to be collected to realize a noise map is crucial. Inaccuracies in this phase could lead to unrealistic results, unable to properly describe the actual noise exposure ("garbage in -garbage out"). A detailed description on how input data affect accuracy of noise modelling is reported in [7] . In order to limit these errors, a new standard to regulate data collection was proposed; this constituted the Deliverable 2 of the project, "Noise propagation model optimized and validated" (D2). The procedure follows a GIS-based approach, requiring well-defined and structured kind of files considering the NMPB-Routes-96 [17] as noise propagation model. Nevertheless the procedure is easily adaptable to other methods.
D2 clearly specifies attributes that should be included in each one of the shapefiles (geospatial vector data format for GIS software) listed in Table 2 . The contents of the shapefiles were agreed with the other partners in order to understand if all the required data were in the availability of the body in charge of the management of a road. An example of the structure of a shapefile developed by NA-DIA is reported in the Annex 1. The contents of the other shapefiles are listed in the D2.
Collection of data about subjective evaluation of anti-noise measures
The effects of noise reduction actions were evaluated both objectively and subjectively. In addition to noise measures, questionnaires were submitted before and after the realization of the noise reduction measures to residents or people regularly attending the interested areas. The questions of the surveys were selected considering previous studies of the authors on soundscape of green areas that were adapted to road traffic noise [18] . The questionnaire (translated in English) is reported in Annex 2. For instance, Figure 1 reports the aggregated results of the surveys performed before and after the acoustic mitigation of two schools in Vicenza: the first action consisted of windows replacement and installation of low-noise pavement while the second one was the installation of a noise barrier. Responses were given on a Likert scale, where "1" represented a high degree of dissatisfaction and "5" represented a high degree of satisfaction about the acoustic environment. Data show that the realization of the anti-noise measures led to a reduction in the unsatisfied ratings (i.e., ratings "1" and "2" combined) from 80% to 48%.
Noise mapping
Noise maps were realized using NMPB-Routes-96 [17] , the method recommended by the Annex II in END [1] for States without a national computational method before the recent issue of Directive 2015/996, which defines a new common methodology [6] . The noise emission of each modelled road depends on the average traffic flow and its composition (percentage of heavy and light traffic and speed in the reference periods day, evening and night), the road slope and the type of road pavement (low noise surfaces, smooth asphalts, setts, etc.). Data were collected in compliance with the guidelines defined in the previous section. Noise maps of five roads managed by the Province of Genova, three roads managed by the Province of Savona and parts of the agglomerations of Vicenza and Prato were realized. The contents of noise mapping activities performed within NADIA project have already been deeply discussed in [19] and [20] .
Noise simulations were performed in order to obtain data for noise action plans requested both by the END and by the Italian national law. As previously stated, the Italian and European normatives require slightly different indicators and procedures to assess noise exposure. The END uses as indicators L den and L night evaluated on the analysed building façade without considering the reflection of the façade itself. On the other hand, Italian law requires the national indicators L diurno (A-weighted equivalent SPL in the time period between 6 a.m. and 8 p.m.) and L notturno (A-weighted equivalent SPL in the time pe- 
Analysis of noise reduction measures foreseen by other plans
This analysis is necessary to evaluate actions of other plans that may influence the noise emissions or exposure in the studied area. Contents of local strategic plans and urban mobility plans must always be riod between 8 p.m. and 6 a.m.), which are assessed at 1 m from the façade considering the reflection of the façade itself. Since the Italian laws have not defined noise limits in terms of European indicator L den and L night , noise simulations for the production of noise action plan were performed also in compliance with the requirements of the national legislative framework. In addition, noise calculations allowed collecting data related to the number of buildings with a quiet façade. The quiet façade is defined by the END as "the façade of a dwelling at which the value of L den 4 metres (m) above the ground and 2 m in front of the façade, for the noise emitted from a specific source, is more than 20 decibels (dB) lower than at the façade having the highest value of L den ".
Two kinds of maps were produced:
• Noise maps for dissemination activities aim at easy comprehension by citizens. The noise map for dissemination contains the acoustic curves with the same level in dB(A), using a 5 dB(A) step, combined with satellite images or DGM ( Figure 2) ; the propagation of road traffic noise is represented using the colours suggested by [12] ; • Noise maps for technicians allow an evaluation of the indicators requested by the END and serve as a reliable starting point for the action plans. The façade of the buildings could be coloured as a function of noise level or another chosen indicator. This approach aims to individualise the area or buildings where mitigation action is in greater needs (Figure 3) . Figure 4 reports a summary of noise levels evaluated in the areas affected by the emissions of the eight analysed roads managed by the provinces (SP stands for provincial road): the roads with highest annoyance rating are SP225, SP523, SP35 and SP334, where more than 20% of the population is exposed at L den > 65 dB(A) and at L night > 55 dB(A), threshold values defined by the END.
For the agglomerations of Vicenza and Prato, the results of noise simulations, reported in Table 3 and in Table 4 , show that 69,000 inhabitants are exposed to L den values higher than 65 dB(A) and more than 93,600 inhabitants are exposed to Ln values higher than 55 dB(A). Additionally, more citizens of the agglomeration of Prato are exposed to louder noise than those of Vicenza.
Action plan and demonstrative actions for noise reduction
The realization of noise action plans has been guided by the END and its Italian implementation decree D. Lgs. 194/2005 [21] , by the Italian Technical report UNI/TR 11327:2009 [11] and by the outcomes of the SILENCE Project [22] . The activity was carried out in compliance with the flowchart (Figure 5 ) proposed by the Italian technical report [11] . The SPL limits used in the realization of the action plans are the ones defined by the Italian law since Italy has not converted yet the limits in terms of L den and Ln, as requested by the END. A detailed description of the activities is in the Deliverable 4 of the project "Noise Action Plans" and in [23] . However, the most important activities are summarized in the following chapters.
Analysis of noise reduction measures foreseen by other plans
This analysis is necessary to evaluate actions of other plans that may influence the noise emissions or exposure in the studied area. Contents of local strategic plans and urban mobility plans must always be carefully analysed since they may affect the future structure and the characteristics of the traffic network inside an agglomeration. For instance, the urban mobility plan of the municipality of Vicenza plans to implement a 30 km/h zone to encourage cycling, to limit noise emission from roads and to improve road safety. These actions were considered in the definition of the action plan.
Delimitation of critical areas
A critical area consists of a group of buildings exposed to noise levels exceeding the limits, whose exposure could be solved or mitigated by the same anti-noise measure. The delimitation of a critical area is a crucial stage in each noise action plan process, since it deeply affects the final priority ranking and it should be observed that there are no national or European laws defining how they should be identified. Figure 6 reports a flowchart developed within the NA-DIA project for the identification of critical areas. The first step is the definition of the noise limit excess, i.e., the allowed difference between the evaluated noise level and the legal limit. The starting value is 0 dB, i.e., no excess is allowed. Then the buildings in which this condition is verified are classified as critical buildings. Critical areas are delimited performing a 50 m offset of each critical building perimeter and merging the overlapping buffers, as shown in Figure 7 .
The activities performed in NADIA showed that this approach can be successfully used for major roads, but it has several drawbacks for agglomerations, particularly for areas with high population density. In these cases the use of this approach led to the definition of few areas characterized by an overly wide extension. For these cases, two alternative approaches are proposed in the NADIA guidelines: In the cases of the agglomerations of Prato and Vicenza, less than five critical areas were identified, which were too wide to be acoustically remediated with a single action for each area. For these agglomerations, the alternative procedure 2) was used, since the results allowed The activities performed in NADIA showed that this approach can be successfully used for major roads, but it has several drawbacks for agglomerations particularly for areas with high population density. In these cases the use of this approach led to the definition of few areas characterized by an overly wide extension. For these cases, two alternative approaches are proposed in the NADIA guidelines: 1) Reduce the length of the offset (i.e., from 50 to 40 m); Finally, the critical areas were classified in:
1. Urban areas: a continuous group of at least 25 residential buildings that may be interrupted by streets, squares, gardens, etc. The definition was suggested by the Italian Rules of Road [24] ; 2. Rural areas: groups of residential buildings that cannot be included in the aforementioned definition; 3. Special buildings: hospital, schools, retirement homes and all the buildings that require high requirements in terms of quietness.
The classification allowed to identify the technically feasible measures taking into account the characteristics of each type of area. For instance, the realization of noise barriers in urban areas was excluded as well as the new infrastructures for the rural ones. The complete list of the anti-noise measures taken into account in NADIA project is reported in Table 5 . The table reports noise abatement effect, the cost and also the area of applicability of the considered measures. Costs were supplied by the technical offices of the project partner and can be considered valid for Italy. Effects were estimated by authors' experience and by the analysis of scientific literature (in particular the SI-LENCE project handbook [22] ).
In the definition of the noise action plans, the following combinations were also considered:
• Noise barrier and low noise asphalt; • Noise barrier and reduction of vehicle speed; • Low noise asphalt and cycle lanes; • Low noise asphalt and reduction of vehicle speed.
Evaluation of the priority index IP
The index of priority allows to identify areas where a measure is more advisable, i.e., to create a ranking of the noise reduction actions based on their priority. There are several methods, each one having different characteristics: some tend to give high priorities to special buildings where quietness is a fundamental requirement (hospital, schools, etc.), whereas others to buildings mainly exposed to noise [8] . The priority index used for NADIA was calculated considering the method defined by Italian normative [26] that assigns high priority to special buildings through a correction factor. The index is calculated using equations 1 and 2:
where:
• n is the number of buildings in the critical area;
• IP i is the index of priority calculated for each i-th building in the critical area; • L diurno,i and L notturno,i are respectively the Aweighted noise levels evaluated for the most exposed façade in the Italian day (diurno, from 6 a.m. to 8 p.m.) and night (notturno, from 8 p.m. to 6 a.m.) period for the i-th building; • L diurno,limit,i and L notturno,limit,i are respectively the noise limits for the Italian day and night period for the i-th building; • R i is the correction factor for each i-th building in the critical area; -For residential buildings, R i = number of residents; The Italian noise limits depend on the characteristics of the area and are reported in Table 6 .
The index was also used in a cost-benefit analysis to assess the efficiency of each technically feasible anti-noise measure in each critical area. The evaluation was performed using a new indicator named CBI (Cost Benefit Indicator), defined by Eq. 3:
CBI is calculated dividing the cost of the measure by the difference of the value of IP before (IPa) and after (IP b ) the realization of the measure. The difference between the two IP values is multiplied for the penalization coefficient. The penalization coefficient is equal to 0.5 for sound insulating windows and 0.75 for sound insulating and ventilating windows. The penalization coefficient was introduced in order to give a better ranking to measures focused on reducing the propagation or the emission of noise in comparison to windows. In fact, installing sound insulating windows leads to a reduction of indoor noise level but has no effect on outdoor areas, such as gardens and balconies, which remains exposed to the same noise level. The coefficient is lower for normal windows, because they should be opened regularly to achieve an adequate ventilation and air change whereas ventilating windows are equipped with ventilation systems that do not require the window to be operable. Further details about CBI definition and calculation can be found in a previous work of the authors [23] . Table 7 reports and example of the calculation of the CBI indicator for a critical area. Lower CBI values stand for a more efficient measure. Measures allowing to completely solve the noise limits exceed in the critical area (IP b = 0) are highlighted in bold whereas the ones not technically feasible are explicitly indicated.
In the case reported in Table 7 , the measures that bring the noise levels under the limits are the installation of sound insulating windows, either normal or ventilated.
However partial mitigations were also considered, because a limited budget is usually available for these ac- tions. In this case, the combination of low-noise asphalt and speed cameras would allow to reduce the IP value by half with a budget of only 58,000 euro instead of 1 million euro with windows replacement. In summary, IP defines a ranking of all the critical areas of a major road/agglomeration in terms of acoustical criticism, and CBI can be used to select the most beneficial measure for implementation in each critical area.
CBI can be also employed for the entire major road/agglomeration to define the most efficient measure between all those proposed by the plan in order to create an alternative ranking to those based on IP.
Noise mitigation measures
NADIA project co-funded the realization of some noise abatement measures in few selected sites considering costs, available budget and CBI values. Priority was given to actions for special buildings and for highly annoyed areas, since the goal of these measures was mainly to act as demonstrative actions.
Some images of measures realized within NADIA project are reported in Table 8, while Table 9 lists all the measures with the corresponding reduction of SPL.
The poor effects of the low-noise asphalt used in the SP225, SP333 and SP334 were mainly due to the characteristics of these road segments: vehicles drive on these hilly roads at low speed, so engine noise is dominant rather than rolling tyre noise. Nevertheless, the results of questionnaires submitted to citizen living near the intervention areas expressed a positive subjective evaluation about these actions. These results can be due to:
• low noise asphalts change the noise emission spectra of the rolling tyres. The new spectra may be perceived as less disturbing than the previous one; • the intervention has improved the security features of the road; • citizens appreciate the fact that an intervention was carried out, so they subconsciously tend to overestimate its positive effect.
Dissemination activities
Project dissemination activities and deliverables were targeted to different audiences: pupils, citizens, technicians and also politicians. A detailed description of the organized meetings, the discussed topics and the number of attendees can be found in the final report of the project, available for download from the project website [10] .
Dissemination activities for pupils
Schools were the main target addressed by the project during dissemination: the project partners were in touch with several schools and they also performed some lectures on noise and on its effects on health. Lectures were prepared taking into account audience age; lessons prepared for primary school differed from the ones for high schools (Fig- Installation of noise-insulation windows and of noise barrier to protect indoor and garden areas of a nursery school.
Realization of anti-noise asphalts.
ure 8). The contents of the lessons are summarized in Table 10 . In addition an e-book and a board game were realized in order to educate children when playing.
Dissemination activities for technicians
Workshops focused mainly to technicians were organized to improve the quality of project outcomes developing an active give-and-take. The events were attended by spokesmen of each project partner, engineers, architects, members of technical offices of public and private bodies and academics working in the field of indoor and environmental acoustics. During the workshop, each technician gave a short presentation about the topics of the event (for instance, goals of NADIA project, European, National and Local legislative framework on noise, noise action plans, anti-noise measures etc.). Time for question was scheduled at the end of each presentation and before the end of the workshop. These events allowed to discover how similar issues were tackled by other local authorities and also facilitated the spread of knowledge on good practices studied within the NADIA to a wider audience. These events were particularly useful for the evolution of project.
The procedures created for the goals were presented to different kind of experts in acoustics; each one of them had the opportunity to express his or her suggestions to improve the project organization and methods.
Dissemination activities for citizen
Meetings open to citizens were organized in the areas interested by NADIA to discuss noise issues and the opportunity given by the project, particularly to adopt a participation process in the realization of noise action plans. Unlike the meetings for students and technicians, those for citizens were quite unsatisfactory, with a very scarce attendance. Moreover, citizens were asked to make annotations and suggestions on noise action plans before their final approval; even in this case the feedback from citizens was not numerically relevant. However, even this must be considered as a result of the project, i.e., citizens were not particularly interested in environmental noise issues if they were not directly involved. More effort should be incorporated in communication strategies by the European Union to increase awareness among citizens. 
Contents of lessons Primary schools
High schools
• Definition and characterization of a sound: intensity and evaluation of the differences between low and high tones through listening exercises;
• Understanding the difference between pleasant and unpleasant sounds;
• Simple description of the dB(A) scale;
• Listening exercises to understand the effects of doubling a noise source in terms of dB(A) evaluation;
• Analysis of the sound pressure weighted level of some sounds emitted by the audience.
• Description of the dB(A) scale explaining the logarithmic scale;
• Description of the most common anti-noise measures;
• Analysis of noise maps and acoustic zoning plans;
• Overview of NADIA project: goals, methods and results;
• Noise measurements: method instrumentations and uncertainties;
• Guided use of the sound level meter by the students in test fields within the NADIA studied areas.
Recommendations for policy makers
Deliverable D13 defined some useful suggestions for politics, which particularly focused on solving issues related to the Italian implementation of the END directive. The implementation of the Directive 2002/49/EC on Environmental noise (END Directive) in Italy by the D. Lgs. 194/2005 led to a disadvantageous and sometimes confusing overlapping of the European and Italian legislation concerning noise abatement strategies and planning. This overlapping has led to an excessive number of plans (i.e., on the European, national and local levels), each of them with the same goal (i.e., to reduce citizens exposure to noise) but realized with slightly different procedures. Furthermore, each plan identifies a number of noise reduction measures to be implemented in the territory, sometimes conflicting from one plan to another. This confused situation is certainly reflected in greater difficulties to implement actions against noise pollution. For this purpose, a strong cooperation was carried out with the outcomes of the LIFE+2008 HUSH (Harmonization of Urban noise reduction Strategies for Homogeneous action plans), a project aiming at a proper harmonization between the Italian and European normatives. The activities carried out within the NADIA project defined other proposals that should be useful and improved the uniformity of noise mapping data required by the END in the entire Europe:
• A single plan (and consequently a unique procedure for noise mapping) on the European, national and local level should replace all the single plans that are now individually compulsory. This operation will make the respect of the legislative duties for public administration more practically and economically feasible. A single noise action plan will be better understood by citizens, hence increasing awareness of noise planning; • The input data needed for noise mapping and plans should be made available by the managing authorities in a standardised format. The Deliverable 1, Deliverable 2 and the Milestone 1 of the NADIA project specify how the input data should be collected and organized. Furthermore, the END Directive does not sanction administrations who fail to provide data necessary for noise mapping and planning. To ensure the correct realization of a noise action plan, as stated in the HUSH Project, sanction should be provided to the defaulting managing authorities; • The European politicians should encourage the realization of a shared and detailed methodology for the realization of Noise Action Plans, along the lines of the Good Practice Guide for Strategic Noise Mapping and the Production of Associated Data on Noise Exposure provided by European Commission Working Group Assessment of Exposure to Noise (WG-AEN) [7] . The Deliverable 4 of the NADIA Project is a proposal of a guideline for Noise Action Plan realization, which could be adopted on the European level.
Conclusions
Noise is considered an important risk factor for human health and well-being by the European Union. It is included among the priority objectives of the 7 th European Environment Action Programme (EAP) [2] . Data show that 65% of European citizens are exposed to noise levels detrimental to long term health, i.e., 55 dB L den and 50 dB Ln. As a result, a priority of the 7 th EAP for the year 2020 is to reduce noise pollution in the EU, in order to achieve lower levels close to the 40 dB Ln recommended by the World Health Organization [27] .
However, an important effort is still needed not only to reduce future noise pollution, but also to have a clear sight of the current noise exposure of European citizens. Since SPL measurements can only provide results significant for a small area by integrating all the existing sources, noise mapping and modelling is and will be instead the main tool to understand and compare noise exposure in complex and developing systems such as cities.
The aim of the NADIA project was to refine and define procedures in order to obtain more significant and realistic results both in the phases of noise mapping and noise action planning. These two activities are requested by the EU Environmental Noise Directive, which, however, does not specify precisely how they have to be performed. Only most recently (May 2015), after the end of the NADIA, with the issue of the Directive 2015/996 that replaces the Annex II of the END, the European Commission has defined a common noise assessment method for the realization of noise maps in order to finally achieve results comparable among all the Member States. The common method will be compulsory by December 2018. On the contrary, no common method for the realization of noise action plans is being prepared or even discussed by the EC. The NADIA project aimed at supplying additional information about the realization of noise maps, in particular in the crucial stage of data collection for the modelling, and for the realization and management of noise action plans, by means of new procedures for defining priorities in noise reduction actions.
Despite the fact that NADIA is an Italian Life project, the proposed procedures can be successfully transferred to every kind of road managing authorities. Moreover, since it was developed based on European directives and guidelines, the approach can be perfectly transferred all over Europe and extrapolated to all kinds of road network.
The NADIA did not consider only health effects of noise, but also economic impacts of noise reduction actions. For example, noise barriers, low-noise pavements or sound insulating windows are costs that can heavily weigh on the budget of a road managing authority. The new indicator named CBI (Cost Benefit Indicator) can be utilized to identify the most technically and economically efficient noise reduction measure in each area where an action is needed, and it can be used also to optimize the budget of public bodies.
The idea to add value to the project results by involving schools in the dissemination activities was another important objective. The response of students during meetings in schools was excellent, as a result of special activities and tools (e.g., e-book and board game) specifically designed to engage interests in this topic by merging lessons with game and field tests. Unfortunately, the same result was not achieved when citizens were involved to participate in meetings: the scarce attendance showed that the majority of citizens, at least in Italy, were not interested in public noise issues unless they are directly affected, as in the cases of new constructions (the wellknown NIMBY syndrome). In the future, the European Union is asked to provide more effort in communication strategies to increase citizen awareness.
• PAVCORR: Correction for pavement roughness [7] [REAL]; • DTFLOW: Traffic flow typology for day period: 0 for steady, 1 for unsteady, 2 for decelerated, 3 for accelerated [INTEGER] . Road emission may vary near junctions, that NMPB model requires additional information about of the flow of vehicles in order to consider this issue. The best practice is to divide roads into segments with accelerating, decelerating and continuous traffic flow in this way:
-the length of a road segment with accelerating traffic flow is given by 2*V (in m, before the centre of the junction); V is the vehicles average speed; -the length of a road segment with decelerating traffic flow is given by 3*V (in m, beyond the centre of the junction). For instance if the vehicles average speed is of 80 km/h, the road segment length with accelerating flow is 160 m, while the one with a decelerate flow is 240 m¹;
• 
